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Trans Fatty Acids and Health
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ABSTRACT

Trans fatty acids (TFAs), especially elaidic acid, formed during partial hydrogenation of vegetable oils have been shown
to increase LDL~cholesterol (LDL-C) and decrease HDL-cholesterol (HDL-C), thereby increasing the LDL-C/HDL-C ratio
and elevating the risk of cardiovascular disease. However, studies on the health effects of ruminant TFAs have suggested
that these TFAs, which are primarily vaccenic acids, have no or inverse association with coronary heart disease. Thus, dietary
recommendations or legislation for TFAs should consider the differences in the physiological effects of TFAs derived from
various food sources. This present review recapitulates the progress in TFA research by analyzing recent epidemiological
studies or intervention studies and comparing the cardiovascular health effects of industrially produced TFA and ruminant

TFA.
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Mol A7) vAE FE, 53 HERA F
Frol] mlA & F ol el AHEL, ojd] ME FW FAE
g, 53 AsAy S A= EWR2R 9 KIndustrially
Produced Trans Fatty Acids, IP-TFA)3} ¥H%E #89 &
AH L2 &3l EW A4 HRuminant Trans Fatty Acids,
R-TFA)°] A7) vlAle JEFE o2 H, 32 olf
7FH 3 Qe ERAA T 7] BAE AEHE ZA
71grete) HESIA &S

|
Mol EMAAMAS Sk, A, AYL
wlel o, 94l F wlotel 4% 2
# 3= 9 4UFo} g 202 RIHT
o) A 9D AN MDY W JoiHL

Abo] 7o)l mA|= gaol #et 2 ek AE8A AES
R shed 7239 THAwad ef al., 1995; Decsi and Koletzko,
1995; Weiland er al., 1999; Banni et al., 2001; Corl et al.,
2003; Hunter, 2006; Chung, 2007; Thompson et al., 2008). E
WS T 85 Hojo] mEW, “Holx & s o)
48] olFAge] ENAY EXIAbot), whebA,
HAEG 7189 Ax 33 @A F gl 23 A 9
A S = thE 3 polyunsaturated fatty acids(PUFA)E ¢] E#
2R A ¢ -linolenic acid(trans18:3 n-3)sk, A&A 71& &
N AFe) Ao R MBI 7834 (hydrogenation)
o A E = elaidic acid(trans18:1 n-9) $°] £88 + Ut}
e, AERA A8 2 AFiAbe BEsid EW A
o] FEE FAS AFES HEE elaidic acidE A2
2 33 sl B3] 65 Fo AR FANNA 14 g/dayd
trans @ -linolenic acid® #1851, LDL-C/HDL-C(LDL-cholesterol/
HDL-cholesterol) & & & 2~e|E/HDL-Co] z}z} R.1%%}
51%38 F7hse 23S B 123Hp<0.05) TransLinE Study S
A giotd, Al BE d7rt REAs A F 4" HE
4 BER XA eladic acid®) FEE tHET o Vermunt
et al., 2001). webA, B gt EA AR 71739
e FF2, A3 T AP UEH N EA O Ex
3l B2 elaidic acid7) A A A8 2 AP
Abe BlX = FEgo 2 FAZAIA thE Aolth
AERH el EHAAEY dF 9 AE8AA 2
gho] 918 Alole] gL QY EL I sty 1 A
F, EF2AWAE LDL-CE 571712 HDL-CE Z4Al
A T8z AEuA 282 s AE< LDL-CHDL-C

I

H] 7IA 7122, LDL-CYHE % 7}A171 2 HDL-Cell

FEL T2 FE TR IR G A el I 93
74 108] o] ¥ B, A% A 2 Ao g U4y
A A = THMensink and Katan, 1990; Temple, 1996; Ascherio
et al., 1999; Mensink et al., 2003; Hunter, 2005; Hunter, 2006;
Chardigny, 2007; Sun er al., 2007; Micha and Mozaffarian, 2008).
Z ER2AAE 2 o] EFH R JFE vAe
ReZ 4AHA FFHZ YE, ©) F intervention study
9} JeRAE 1&F § AT EAdLAE] gle
ZF o9} v A, ERAANE F A MFHF
o) 4% oS A3 sHA =¥ LDL-Col E7Ht93, oAl
9} 5~6% o1& FojAAl H| HDL-C7HA Zar7ie 2
72 B 733 thHunter, 2006). F=&, EAAX A HF 7}
Z AUR HAFY 2% AF3e FNE SUteA =HA
H2H4 4 2 B Coronary Heart Disease, CHD)2] 3=+ 23%
H 718 4 dokE Add#ds BRI E Y h(Relative Risk,
RR = 1.23; 95% CI= 1.11~1.37, p<0.001)(Oomen et al., 2001;
Mozaffarian ef al., 2006). 3tF-o AF o = x| F
-2 2,000 keal2h 8HH, 2% 40 keal F EW AL Fo
2 B3l 44 goll &3tk AARES] ERAYAS Hi
Qo] divA] 71202 3~4%0) L, n]Feie] EdAR]
WAl B A F o) AR 9] 2.6%, & 5.3 gdaysle BIE
ZHBTHA, )9 2%9) A FEE ERLA T HHe
A o8 Yo| ohtiAllison ef al., 1999; Hunter, 2006;
Micha and Mozaffarian, 2008). -F-AFF S+ 2, Stamper ef al.
(1991)& EAMAR|wrake) 437} 2% 57188 LDL-C/HDL-C
F27} 0.1 mit$Hg 78 =3, ol CHD 9317} 53%
Z718e A ABH Je ReE B8 vh(Stampfer
et al., 1991). ©) AH}E EUNE Ascherio ef al(1999)2 & ol
Y219 2% sl Fshe EdALA WA HFH 7T =214 CHD
2 A% Ao Ag BEE AW & Johy dFAT
(Ascherio et al., 1999). ZL2{4}, 7178 & (mechanism) 2 ol A]
B Egaxubate] LDL-ColY HDL-C 5 & A&
o)X PV Z CHD $i8 e 4 S o d4¥are
oj@te Zlol AkAEQl AEeolnh. mEtA, EALARAY
4% 7} HDL-C$} apo-A §&< %53, LDL-C$} apo-B &
& Z71719, LDL-C 4& 2715 #4A1A 84X 2%
7} 22 JAR BEH, FAAYY FEE SIS F
B Ao tal 238 4% & ¥ opeE, dF A
¥4 SHactivation of inflammatory process), W3 7]% 7ol
(endothelial dysfunction), B-% A% F4 9] F7}, <ded A
Ao 943 5 A g uakeh dAFA g2 i VAR
FEFE F22H CHD 98 & S7HE 7HsAE AISEN
ThMicha and Mozaffarian, 2008).
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o 4wugich YA 2
3} A3k Aol g, & 84 2747t Akt Bewel
(reliable) A8 7Kstrong)o] ¥t A3+ intervention studies >
prospective cohort studies > case-control studies > ecological studies
Tl 2 WolEo A 9t Combe et al., 2007).

1) Ecological Studies

UMD A shs w7t vkdd <) ecological
study$] Transfair studys= BHE, T2 T A olo|&#
DovlEss, X254, 20l 299 8 £ F1E
g2 & AF2A, A8 A AE] A3l UAKrisk factors)
T2 EAT F BRI A H S EF A F] R
< B 23, EfA2AE 43 LDL-C, HDL-C, LDL-C/
HDL-C 59 A& A3 FaAAde] gle AL vestt
(van de Vijver et al., 2000).

2) Case-Control Study

ERAE A A8 AA A3 3l Atelo A
d& THE case-control studyS-< AwtHoZ Y A}
Atolol] 4B4E FABlIE skt ol Witk &, =
< EARAA A HF(5.5~6.5 g/day)7t 4273 A (Myocardial
Infarction, MI) 2 3} 7Feh ko] A% AAE B ZAIAx
A AR THAscherio et al., 1994; Baylin et al., 2003), E# 2%
WA AE oI 23 Wl EREA A E 0] case®t control
Atolell BAIM LR foH ztolE HolA] ¢ AFAE T
B 7 %) THThomas and Scott, 1981; Aro and Kardinaal, 1995;
van de Vijver et al., 1996; Fritsche et al., 1998). ©] 5, {Table

1> EdxAat A7 A BA A8 FaAdC) dF
& AA}EHE tE A Q) case-control studyZ, EW 22X HMAS
6.51 g/day 43 8l= 3 H(highest quintile)> 1.69 g/dayTHs
A3 31 A (lowest quintile)oll V]3] AZAA ] O g A o)
A 9B E(RR)7} 2449 (p<0.0001) B 2 A2 FHAHS
2, B ARV AN H freH R AR
o] A#ABAE 71 AL G EATHAscherio et al., 1994).
£3), o] A7 ERLAAY 2 AFHFER ol IE
Ml 95 S7ts HFHCE A 5 4P A= E
WA Uk Ao A 7118 Aol 7E 38 THAscherio et
al., 1994).

3) Prospective Cohort Studies

Ed At #Ee 82 F 7P Bol JAFEY
A= HEA cohort studiesE-S Nurses Health Study(NHS),
Health Professionals Follow-up Study(HPFS), Alpha-tocopherol,
Beta-carotene, Cancer Prevention Study(ATBC)$} Zutphen Elderly
Study 2, ©| 213} cohortsZHE Do Hlo|H &S EWNLA]
A HFH7Y A8 AA A8 {4 AdaaAT Slee 4
A=A Bo] F3 A TH(Table 2)(Ascherio et al., 1996; Hu er
al., 1997; Pietinen et al., 1997; Oomen et al., 2001; Combe et
al., 2007; Booker and Mann, 2008). 53], W2 H e EH
AR AH 99(13~16.1 glday)ol A HEBA FFe
el wrt EEH R 2ok o) HAHAL, F o
U F EAZA ] AFIE U7} 2%E A5
gw AgHA 29 Wy YT FAHOE FHES A
A8 tHTable 2)(Ascherio ef al., 1999; Combe et al., 2007).
A2 MD CHDE 1% Apo] E- A M FH 7
S Ao 902 Etty B8 HPFS study

Table 1. Case-control study suggesting on the association between trans fatty acids intake and coronary heart disease

Case-control study Ascherio et al. (1994)

+ Case: 239 MI patients

ject
Subjec + Control: 282 population control

TFA intake - Assessment: FFQ

+ Quintiles of TFA intake: 1.69, 2.48, 3.35, 4.52, 6.51 g/day

- TFA intake directly related to risk of MI (RR for Highest vs. Lowest was 2.44 with p<0.0001).
- Increased risk was evident only among individuals in top quintile of intake.

Major findings - Stronger association in women than men.

- Separate comparisons of animal-derived and vegetable derived TFAs suggested the increase in RR was attributable only

the latter source.

Comments

- Patients were not asked whether they changed their dietary intakes after their MI diagnosis.

- Thus, LDL-C in this group may reflect recent dietary intakes rather than diet before ML

D Referred to Lipids (Hunter, 2006) and Nutr Meta Cardio Dis (Bookers & Mann, 2008). Abbreviations are as follows: MI, Myocardial infarction;
TFA, trans fatty acids, FFQ, Food frequency questionnaire; RR, Relative risk; LDL-C, LDL-cholesterol.
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Table 2. Characteristics and major findings of prospective cohort studies reporting on frans fatty acids intake and cardiovascular risk?

Prospective TFA RR p
. . ‘
cohort studies Subjects intake (Cardiovascular risk) value Comments
measure
* HPFS men
Ascherio, - Age: 40-75 yrs FFQ 1.27 for H(3.3 g/d) vs. L(1.5 g/d) 0.01 o
. + 1.40 for H(4.3 g/d) vs. L(1.5 g/d) The association was attenuated
1996 + 43,757 subjects 131 . . .
(USA) - Event: 509 CHD+229 death  items For an increment of TFA=2%, after adjustment for dietary fiber.
' RR of CHD=1.13 & RR of MI=1.47
* 6 yr follow-up
* NHS women
. ivariatt RR for H vs. L
Huetal, - Age: 30-55 yrs FFQ - 127 for H29 g/d) vs. L(13 gld) 0.0 Mulivariate RR for H v
. . . 0.002 were 1.78 for isomers from vege-
1997 + 80,082 subjects 61 - 1.53 after adjustment of other fatty acids <0.001 table fats and 0.59 for isomers
(USA) - Event: 658 CHD + 281 deaths items - 1.62 for an increment of TFA=2% ' . )
from animal fats.
+ 14 yr follow-up
- 1.07 (CHD) for H(2.7 g/d) vs. L(1.3 g/d) NS
+ ATBC
Pictinen - Ave 50?;;‘ s prq " 114 (CHD) for H(62 g/d) w. L22 gd 0004
’ ge: 007 ¥ + 139 (death) for H(5.6 g/d) vs. L(13 g/d) 0.004
1997 + 21,930 subjects 276 1.43 for Intake in % TFA of H(2%)
(Finland) - Event: 818 CHD + 581 deaths items o \or M 7o TEA 0L B(E
6 yr follow-up vs. L(0.6%)
+2.21 for an increment of 5 g/d TFA
+ Zutphen elderly study . o 0
;)(;)(;rllen etal, Age: 64-84 yrs 1'34Lf;r3::/take in % TFA of H(3.87%) RR of CHD for a difference at
+ 667 men FFQ . L236%) 0.03  baseline of 0.5% E from R-TFA
(The * Event: 49 CHD +49 deaths + 200 for H(6.38%) vs. L(2.36%) and IP-TFA: 1.17 and 1.05
Nethertands) ' - 1.28 for an increment of TFA=2% T o

10 yr follow-up

Y Study summaries were mainly referred to Eur J Lipid Sci Technol (Combe et al., 2007) and Nutr Meta Cardio Dis (Booker & Mann, 2008).
Abbreviations are as follows: CHD, Coronary heart disease; H, Highest; L, Lowest; R-TFA, Ruminant trans fatty acids; IP-TFA, Industrially-

Produced trans fatty acids.

t}¥&t confounding factors 53] 4Jo) Aol that BHA o]F
Freligol ot oy, 115} A} Ayo)e) ARAE YA}
A& F&atA EATHTable 2)(Ascherio ef al., 1996). T E-5-o
HAFE0] 13]9] 2]0] 3R = F K Food Frequency Questionnaire,
FFQE T3l EAXA HAE Hrkek Ad vla), 208
9 follow-up 717t F<F FFQR EMAA WA HHE uhE
37} NHS study HA] ERA2Xw HFH 7 Z71el] o
2 A A A8 R A% A YA ERR)7 274
HASRA M 2 ER2A M HFHE 29 Yo v}
F e AAE B A9 v 2L ), CHDY sk A
A s 8, 149, 203 9) follow-up 7)1 7+l ZHz} 147,
1.53, 133} Atk p<0.001)(Hu et al., 1997; Booker and Mann,
2008). &3 HAE FAAS A Z st 637 follow-up
< % ATBC study: confounding factorsS H. A3t o] Fol| &
A3 EHXA A HFH 9 CHD 913 Alolo =& A3
Be BAFLEZR, ERA2A o] AEFA A9 2o)
A3l DAY E Y53 ThPietinen ef al., 1997). & THE O
H 4 cohort study! Zutphen Elderly Study %A] E# A2 u}
A AHG AZAN I CHDE QU§ AVY Atold] Aa4S

AEHFI, I 23 o cohort study9} A=A EMAR
ke 2ol d#sHA =W CHD $l8i7) Eobd & gloky
ZEX) A tHTable 2)(Oomen ef al., 2001).

4) Controlled Intervention Studies

(Table 3>¢] AFEL EAA L FFo] £ 20)
ERLA L o] B Hojg vn ¥ o, & 9F
9 2 LDL-C3# lipoprotein(a)(Lp(a))E %°|¥ HDL-CE &
F= AAE HAFT JriMensink and Katan, 1990; Mensink
et al., 1992; Zock and Katan, 1992; Judd et al., 1994; Lichtenstein
et al., 1999). EA X HMYo] gle 2ol & Al W27
o ¥3] £ YR 10%E EWALAENOZ 219 St
TEEE A4¥9ZES LDL-CS 0.37 mmol/L £7}5 3, HDL-C
< 0.07 mmol/L Z&dl= AAE HYSEHN, & £F9
WA AFH7 BGAT A3 g8lE S7NE +
=2 AlA}3E tH(Mensink and Katan, 1990). =, A8 &4
9 A E ¢AldE AEE & 4 e LDL-CHDL-C
H &3 Lp(@)®] sv EALX A HF Fl vlalslo &
EoEH 0T ZUISIATh v, 5 ZE2HE 70 &

rir

 ¥o {m
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Table 3. Controlled intervention studies reporting changes in LDL-C, HDL-C, and lipoprotein(z) with dietary trans fatty acids”

0,
.Controllled Study population, TFA (%E) Change in LDL-C Change in HDL-C  Change in Lp(a)
intervention eriod (day) Treat (T) vs. Control vs. Control vs. Control
studies P Y Control (C) ' ' ]

. . 0, . 0, 4 X 0,

Menskin & Katan, 1990: 34 women, 25 men 10.9 (T) . 13.9% 1 12.0% | 0.6% 1
. + Normocholesterolemic < 0.0 (C, OL diet)

Mensink et al., 1992

+ 21 days

. . 9 89 23.29
Zock & Katan, 1992: 30 women, 26 men 7.7 (1) . 85% 1 6.8% | % 1

. + Normocholesterolemic - 0.1 (C, LA diet)

Mensink et al., 1992

-+ 21 days

. . i 0 .8Y NS ch
Judd ef al, 1994; 29 women, 29 men. 6.6 (high) 78% 1 28% | S change
Clevidence et al. 1997 Normocholesterolemic - 3.8 (moderate) 6.0% 1 NS change NS change

? - 42 days - 0.7 (OL diet)

.18 women. 18 men - 6.7 (stick margarine) 9.0% 1 NS change NS change

- Mo deratel’ + 4.2 (shortening) 6.5% 1 NS change NS change
Lichtenstein ef al.,, 1991 B ercholZsterolemic + 3.3 (soft margarine) NS change NS change NS change

. 3}5'p days - 0.9 (semiliq. Margarine) NS change NS change NS change

- 0.6 (SBO diet)

D Referred to Lipids (Hunter, 2006). Abbreviations are as follows: LDL-C, LDL-Cholesterol; HDL-C, HDL-Cholesterol; Lp(a), lipoprotein(a); OL
diet: oleic acid diet, LA diet: linoleic acid diet, SBO diet: soybean oil diet.

AFES o R

35U ER2ANAS ATH F Y

< = g %
Z A A A= 4TS ZAE 3 intervention studyol A
T F AUAY 42% 014 ERLANICR FEE A
Pl Mgk LDL-CY f2l%Q] WstE A& 4 AUk
£ 5 FH2HEC] BT A F A HDL-CY
oA HEs #FY ¢ Yok BIHE 67% F=o E
2A] “Q”c} TES

dF SFH2HEC] 52 AFEFE UYL
2 Y& "= HDL-CO /94 WstE A FadstA &%
TH(Table 3)(Lichtenstein et al., 1999).
fofst, AP Foll AAEHE AEG FdAe] ED

2A A A8LEALS} intervention study S B3 A #EHA
LDL-CE ¥°]3, HDL-C& %#5¢] LDL-CHDL-C4 ¥ &&
F7MNZCBEE A LDL-CAY Q3L viX e EAW
ARTH AEHA A3 o BAAQ JEAE A= 4ol
At & 4 gloh

o

[e>

2

52 meta-analysis3t 2= 43}
3te], ERAA LS Ao 2 RE FaAT| AV T2 AA
A= oA o] A etE o] $rH(Mozaffarian er al., 2006). E2
O A3} A3 Abolo] Aol #Hst
ng “_E_%_’ix] ”o el AFHE FolAbEe AR A
T A Ao A FHIT, HEo] olg AHZ

05'.1

A E 28 3}cHBooker and Mann, 2008). E&, 7|4 T
e ES AR MRS o et A O BA A Fgo] daH
A =99 Az S AR AEY ERA L] 3
FEolok grh
AABA7|FHWHOYE EALARTS 8HF AdA 4
NEOZ 1% Mo Z vhedt g WA AHE e AL
a2 ok ol 3 A A YA E 2,000 keal 2 7HEE )
EWRAREAY 22 gol sjFEte Folth /ﬂ?%‘ At 95
o, AMEE Y EdaA A HF A FE AUA TEe R
3~4% AEE FEA UTHAllison ef al., 1999). T,
WA A AR A O 2 FufE T Qe okt A Fel
Az, Zg 2 7l o8 I o] St ¢ JeER
ER A gl E sl 20 g7hA dH s Ao AF
ol & do] ofele E7F AU TH(Hunter, 2006; Micha
and Mozaffarian, 2008). &, EWR A HAEE o] &f313
AE NEL HA A ARESHA HE o g2 49 EALA
wako] AR = X, T2 F ASE AEA 71EY
93 F AL PUFAE S EAXAPAE F71A1E 5 vt
(Romero et al., 2000; Martin et al., 2007). ©ekA] E 22w
A HFH FEE F AR 43 1% e E FA5H] 9
e Eo2RY EWAAUNE AAGAY FL F
B ASSE e AEL L6 AF5HA H8 Aol
2 2" < ) oo met o8 Ul XE AEFY EJ
A GHEES o R F 02 PR FAY EIAFLR
A AR AEAA AL AEE FTAY, T2 ERLA

;\)_l‘,
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Table 4. Policy or legislation for trans fatty acids in different countries

Country Policy or legislation

TFA free

- Mandatory addition of TFA contents on nutrition labels
Us, + TFA from partially hydrogenated oils banned from New York restaurants (Limited the

<0.5g (0.2 g in Canada) per serving

Canada content of TFA from hydrogenated fat in all foods to below 0.5 g/serving from 1 July
2008 onwards)
Der}mark, + Must contain less than 2% IP-TFA <1%
Switzerland
UK . Bettelr labeling
* Retails to stop trans-fat use
Korea * Mandatory addition of TFA contents on nutrition labels

WA AMES BRI E e A AYIE &gt
(Table 4). ZAVth= 20059 129 12¢, P52 20060 1€
192 B& 4F3 EXA9 AR EA(nutrition label)oll
EWRLAYN FFE AFH o FABEE FAE 4A
ataAth o2 13] ¥ F;serving)d <0.5 gAYt 02 g)
o] ERAAUAS TFH3 A ES “zero ERAAAHMP O Z
QI EFE A (nutrition clhimyE & F+ JE2 FHFsish
], New York City Board of Health= 20081 7€ 19 5¥
A FEHE BE 2F9 ERAXuNASA Lo g
HEo ERAAYNS 13] £FF 05 g oz
Hl712 2R ole AT 789 BE HEL “zero

off

i‘, "‘E :ll‘ Jlm [e2x
2 o

2)

Z 0.5 g& do4d 4 §1tHOomen
et al., 2001; Mozaffarian et al., 2006). -2V} aH= 2008 1
45 BE 7HFHE tdte] B e o7
Hoz BASES A Yty ERA A g6 Q)
ol 7P FE8%g Y= divtzolth YE4AE 4}
=2 dvias AstAAAA AAEE BT
TAS R BHE A Utk &, fAF AA Y E
AEAPRAE 2% B Z, FRAF7F 72 JRoE
AHEE S ERALARN FFE 5% v|Te 2 A ey
AL, o] FAlE L2A At Y EDA AL
AN T YA PFFEANA Y ERAAEALL
A el A B AAA ATk o) FAE 2004 192E
AAZ HEHY Uk dut3E AT 92 Yae E
2R A7 NE ERAR ALY EHE W EA] @
A, AA ERLARRE 71F02 43 JoE ¥ vn
grteint, dnpz 9] o] g 2 TEA AF ERax
AEAA Ao )} d@Ad ol

&

s

r
oL
rlo

2 FaAdol g1, A5 EdAx
AR o] & 3t ' 29U E(food source)o] FQ 0]

thel] me}l 7ol mixE GEe] dE2rhe A5 SAE
EdiE ¢ R0 4T & At o] FE dsM e &
@t A =" Aojth

2 Ee] YUANEEA FEo EdAXHAE ofFHS
2 X3ATE 39 FAIE 2HAENA LDL-CE 95
I WA Aol O A8HA 28 AsE A4
4 e A0 AF AdE F2Y F 30 Aot Clake
and Lewington, 2006). =38, At93 FA 3] AAHE
EWEARLE AAY ¢ A A=) Adohd wd A A
Aoz FIkEY e WA A3 Mg FAA 7
2A1Z g 90& ZolthMicha and Mozaffarian, 2008).

3. M BM EMAX|HAHIP-TFA) vs. SEM EfMAX| G
AHR-TFA)

EPLA L 315HA oo mEY “FHox g Jfe]
o|Z A%l EH 2 (trans configuration)Q] & F 3} Hk4to]
TP (Mensink et al., 2003). Ao £ 8= 2k O &7
B A 2(cis) Fefoly, 429 wH9 o EAlste v
AR EWR X (rrans) FEAE EA 3T} 0] 2A Pz
EAste ERAAPMIEFTE EALA WAL, ruminant TFA,
R-TFA) ©]|9]oll, ERAA WAL JEA 7S
(partial hydrogenation)3l= 78 Fol A€ 4
4 7158 RHIAGe AR AN = A8
28] A3t AT A4S NG 5 UAAT,
TR 24 2 AERA A8 £33 4 7)1 X
EdaAERHAIEH o2 AAAE BN 2R Industrially-
Produced TFA, IP-TFA)S FA ke HolA AZole via
AEHA] Bk FHLE AXHT Q) A3E AEA A9
A, ERALARA 2 HHAV vl Hou o F A
WAk 60%S 2FRE1, w19 A o2 A AAH IP-TFA
7} 3 F U 9] 2~3%E A F3L Y= Ao dBA
$ATHKuhlsen et al., 2005; Micha and Mozaffarian, 2008). ¥FH,
HHEsE ERASALAR-TFA)S NHF5E9] YoM Ag

tlo o 32 4
s
fr o do o fo

63:
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o] Ago o3 AaFHo R ANFHEY, I Fo] WEEE
F A T <5%E AASA HEZ ALY & YR 7]
Fo2 kel B A ouAe tisl] 719 EE <0.5%0]
A HMicha and Mozaffarian, 2008).

o9} Zho] EMAXWALE I A food sourcedl] wha}, ¥
= e A FEY ERAXULHR-TFA) S 2333
ol AE e ERSAWAKIP-TFA) L Ui 4 9l
CHFig. 1). Yetrtch A Eao] 208 Ed x| ubate) F
8 food source GA| LF Zpolr7}t Wik &, wjF Ay S
Sujelde ARG A E ER AR Tato] A
F] FE ©]FAI(’0:20 for [P-TFA : R-TFA), ¥+ <
2 FAFE, A7 5 HERAEY HAHt B2 =@gA
d, dopa, AFs Ad= 5 g YHES s
A AR ERA ] T EAAA M HF o) gy
5 ARSI A THA0 2 60 for IP-TFA : R-TFA)(Aro e al.,
1998; Hulshof ez al., 1999; Wolff et al., 2000, Larque et al.,
2001; Kuhlsen et al., 2005).

IP-TFA] &3k 8 EM ARl
acido] X, R-TFAY] &8 2 EA L C18:1, 4
11?1 vaccenic acid®] THMicha and Mozaffarian, 2008). A=
49-desaturase® 23l rumenic acid, & 3LZFLo] HIH
CLA(9¢,11t-Conjugated Linoleic Acid)Z &= 4 SIth(Fig.
1)(Turpeinen ef al., 2002; Chardigny ef al., 2007). 2]°]2 4
HE ERAAPRAE AukzAe] I e Ao
A JeH, 2AZE Aquitaine studys ZEA o Aj 9] =
WA BEE F23818: 1 EAAA AL elaidic acid
7} ok} vaccenic acidBS& HIISIHIL, ol WFEE

A po] Edl Ax|HkAte] 52 3 food sourced 2 THA]

[oZ

>

—
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Hydrogenarion i / OH
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Fig. 1. Formation of two types of trans fatty acids from either
hydrogenation or biohydrogenation. Elaidic acid and vaccenic
acid are major trans fatty acids observed in industrially
produced partially hydrogenated vegetable oils and dairy
products, respectively.

H ZolAA FAHCombe et al., 2007).

ps FAFERH
B EWHAAHEFZE elaidic acid)< @Z ZH2HE
HAA daS 714 AEAA AP 2L EFHE
e
Ad ERA ’1‘_°ﬂ 238} vaccenic acid®} CLAE 74
st -9 A ERE st ¥,
AR jn viro}h T2 AY, I FA 52 2AE o] 3
FEFA A A g T?Ht’} H3ERE 7I9E & Aot
v 237 9% dAckWillett ef of., 1993; Bolton-Smith et
al., 1996; Soustre et al., 2002). W25 Ed A AL 43
9} CHD Atolel] o9] aAAE Bigt 29 =752 5
24 a2 A A7 7 QAU AR )= CHDY)
N BEEA} QS F IS A HEH dg &
4 9l th(Jakobsen er al., 2008; Micha and Mozaffarian, 2008).
0|9} 7ho], BE EMAA o] A7k tis) LS 33’%

g frgste o] ofd 5 v AV AA S4HL

t} I E B73, ME o food sourcedl A -n-EHﬂ
EW2x o] AP HA HBo| mAe G HlwEA
U, S 35 E ERAAEbe] 3 XA 9 93 AR
o BlX= JFE Hrhet JEF2AL 4 intervention study”}
BA gvhe JE A3 FEERE o), A Aol
A 7t ERAA HFH 7 R B2 ARl F
e ER2R ] FF o] FUL, mEbA WMEFE
o] AA FEA EALAALY FHE AAH R A}
et @ 2 o] thCombe ef al., 2007).

Aol AHE HES F
g A0 B ARRAELS AA A
= ko] Faf et AL Ao B
g37F Aot AAPT, vHE B2 T v AFE B
DA THTroisi et al., 1992; Hu et al., 1997; Tavani
et al., 1997; Jakobsen et al., 2008, Micha and Mozaffarian,
2008). Meijer ef al.(2001)2 718 EMAXBEAFO] in vivord
ol A AA tiAtel] WA= ZHE A FAHAL HElo] Abgtat
71 A AAFA JLHE AT EE st AR
TH(Table 5). 1 A3, R-TFAS] F8 Eﬂdi Akl
acid® 99l AE & IP-TFAY] T2 EWR 2RI elaidic
acid® 72l 4@+ Et €% LDL-CHDL-CE fFo4o=
o Z7HA17 2 23 (p<0.001) vaccenic acid”} elaidic acidE th
Yz ZE 280l o #AAY F2 oty EYEA
(Meijer et al., 2001). &1}, elaidic acid 2 83} vaccenic
acid 4@ #< LDL-C, HDL-C, lipoproteins 5 7} 7} EZFx]&

vaccenic
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Table 5. Studies reporting on the different associations between ruminant trans fatty acids or industrially produced trans fatty acids and

health

R-TFA vs.
IP-TFA

Methodology

Major findings & comments

Meijer et al.,

- in vivo
+ Male hamsters (30 per groups)
+ Synthetic elaidic acid vs. vaccenic acid

* With respect to the effect on the LDL-C/HDL-C, elaidic may be preferable

to vaccenic acid.

+ This animal study does not provide evidence for the suggestion, based on

2001 + TFA intake: 10% E, fed for 4 . . N .
1n.a o eator weeks epidemiological observation, that elaidic acid would be more detrimental for
+ Control: cis oleic acid treated di lar risk th i acid
- Effect on blood lipids cardiovascular risk than vaccenic aci
- Where direct comparison is possible, there were no difference in risk of CHD
Weggemans - Meta-analysis (ATBC study, Case-Control study, betw§en totfil, ruminant, and industrial TFA for intakes up to.2.5 g/d.ay.
et al. 2004 NHS, 8 yr follow-up, Zutphen Cohort Study) + At higher intakes (>3 g/day), total and IP-TFA were associated with an
K O p, £utp )" increased risk of CHD but there was insufficient data available on R-TFA at
this level of intake.
- Intake of R-TFA was not associated with a higher risk of CHD within the
* 3,686 Danes wide range of intake among both women (0.5-3.1 g/day) and men (0.6-4.1
Jakobsen + Age: 30-71 yrs g/day).
et al., 2008 - 18 yr follow-up (prospective study) - Hazard Ratio per 0.5 g increase in R-TFA intake was 0.84 among women.
- At baseline without previous CHD * However, whether R-TFA intake was even protective against CHD among
women cannot be concluded from this study.
+ TFA from IP-TFA and R-TFA had different effects on CVD risk factors in
- Randomized double-blind, controlled, crossover — women.
Chardigny design * R-TFA significantly increased HDL-C in women but not in men (p=0.012).
et al, 2008 - 46 healthy subjects (22 men & 24 women) - HDL-C lowering property of TFA seemed to be specific to IP-TFA.
- 11-12 g/day of IP-TFA or R-TFA: 5%E - However, it is difficult to draw a conclusion about the effect of TFA from
either source on absolute CVD risk in these normolipidemic subjects.
A daAe 1

N 214 Aol vhery]
7+ 23H0E 0% EA

= [=} 2~
e

H

= =

& Zolo.

IF7 93 Ao gle], ©x| LDL-C/HDL-C =9 HF o] CHDY $3E FA &=vdr siysAe

s
A& AE o] AP L BIM BE A

£ol, ol2i@ b2 Aol ¢k ke Rtk 1 o)k ER2AYY

Aake) A WY PR B UA Y w0l AZRE BVF ZAY

A ANERRE LISEHL AN od 478 D@
)k

FAAHZFl F ol

213
1& v CHDOll th & A

™ (Oomen et al., 2001), 2.5 g/daye] EA LA AL F o1

Weggemans ef al.(2004)2 & EW X WFAL R-TFA, IP-TFA A9 1.25%°) s F3ts FolBZ A Y2 Farg
o Al 43 Zzo] CHD Qe gbe] AatAdo) QlojA] A AL 115 AEE AT E3] EA EFAA o] oj

2 494 2olg HolExg

ATBC study, Case-Control study, =X o|FlllE d)7t AE QIuhE threshold effectE Y43

NHS study, Zutphen Elderly studyS meta-analysis3t 2 24 = #A83d 2A Ag7F A Q7] bE ol (Oomen ef al,
%718t A tHTable 5). 1 A, 72t ER2A WA 2.5 g/day 2001; Weggemans et al., 2004).

A AR E

CHD $j3fiel i3l 7IA= daA4gol TEA EREAUIHR-TFA)C] 7ol X & EF4E 24

3 Aol7t T T, 3 giday o1l B HEH ¥ 4 ERASALHIP-TFA)F ¥l Frketeat & o 7H¢

M= E EdA

APAkE IP-TFAE A3 %] $718PA CHD EA7F B 22 Weggenman ef al.(2004)] A7}l 423 R-TFA

S0 A HOAHOR ST Yo HRBAL AT 4 & TRAC] Wl HAZS WA} RS WA ke 4

AR §HH, R-TFAE 3 g/day ol Aol A
| X = 93Ee Hrte 283 go|Ey) gorng A&
T L H(Weggemans et al., 2004). 7] A

H| X
=
B

A
|

20 A7, 01] o]t} ololl uwhal, Jakobsen et al(2008) WL W9

R-TFA A3 E HolT ¢lo] R-TFA 43 9 CHD Y&l A}o]

g 5 ‘ﬂ?sl Zl o] A4S Hrtstr)el Age WelAAR-TFA 3% o
Hojof & AMEHE “food sourced] WE F EIYL EWAA A 05~3.1 g/day, EA 0.6~4.1 g/day)S AFNAHAE 3}
WHato] 2.5 g/iday ©13ke] A3 WA= CHD $isfol n) 3 91 prospective studyE EAFOZHN ER X HAET}
© ¥l FeF LR 22 gyrelsE A7) o) B CHD 913 Atelo] 4#3-E& H7hst th(Table 5). A+ 2,



Aol ojxje I 33

AA A O 2= R-TFA 43 9 CHD 3] Atololl op& Abgh
HAZE YA gto), Aol wE G g a S
o, A=A A R-TFA AF7F 0.5 g T 7+l we} Hazard
Ratio”} 0.84(95% CI=0.70~1.01)Z #2€ 2% CHD )
3 Abolel A2 oo FEAAZ} ol BAHU
dvh, A olH g fo ARl AABAES JehliA o
ThJakobsen ef al., 2008). ©] A+ A& =3 R-TFA7} CHD
of gl B3 37t deA I 7 EH?‘sHHb AEA S
T AR, Ho= CHD 98l & 771 AgE A3A
o] & AL AlARY FUt oAl B3, R-TFA *\347} CHD
A3 AFH] YA gouFE F HAE W
FEFY YAE ERAAAYNE A3 $HE 28R
%Eg Aoz U ¢ Ik
2743 AlE tiAe 2 3le] IP-TFASE R-TFAS] &35
o H7EeE 29 intervention studys 3HF £ U<
5%°0 83 11~12 gdays] ERAA LS BEH, X =,
H] ia‘ 5 IP-TFAY R-TFAS 31T JE AFLE AT
3 T AEAA FEY 98] ARl W %‘?‘{}" H7}ekd
Ti(Table 5)(Chardigny er al., 2008). -1 Z 3}, IP-TFA= R-TFA
o} g8 7473 g4 AM HDL-CE $5E Bl
EWAZ A HDLCE BFE B4
tE Zlog HYr) o] dAyoM 58
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